I. Introduction
The Halogen Pentafluorides show an increasing reactivity going from JF5 to C1F-, and the knowledge of as many molecular properties as possible of the binary halogen fluorides seems desirable 1 . The microwave spectra of JF5 and BrF5 have been measured by Bradley, Brier and Whittle 2 -3 , and the rotational spectrum of C1F5 in the mm region was reported by Jurek et al. 4 . The latter publication appeared while our own measurements of some rotational transitions of C1F5 in the microwave region were in progress. Since we do not agree with their quadrupole coupling constants we considered it worthwhile also to report our results in some detail.
II. Experimental
The sample was found by IR spectroscopy to be better than 98% pure. It decomposed quickly due to reaction with the cell materials, even when the absorption cell was cooled down to -65 °C. Among the reaction products C102 could be identified by its absorption lines which interfered sometimes strongly with the investigated spectrum. The CIO., formed made it somewhat hazardous to handle the reaction products which were pumped out of the cell and trapped by liquid nitrogen. Hydrolysis at low pressure was found to be a suitable method to dispose of these compounds. Due to the rapid decay of the gas, there was no chance to find the unknown rotational transitions by conventional recording techniques. Since the absorption lines were rather weak they could also not be observed on the oscilloscope. Therefore, the output of the Stark spectrometer which was equipped with BWO sweepers as radiation sources was fed into a LAB-8/e system from Digital Equipment Corporation for time averaging.
On-line computer and spectrometer were controlled by a common time base. The sweep range was varied from 300 MHz for searching to 2 MHz for measuring the frequencies. The narrow frequency ranges could be swept by phase locking the sweeper to a secondary frequency standard, and wobbling the reference frequency of the phase-locking unit. The secondary frequency standard was monitored against the well defined frequency of the radio station Droitwich.
Once the approximate position of the absorption lines was known, they also could be recorded using high time constant and low sweep rate.
To measure the transition 7 = 0->1 at 7.1GHz, a solid state sweeper (Wiltron, mod. 610 B, plug in 6247, frequency range 10 MHz to 18 GHz) was used which contained a YIG oscillator ranging from 4 to 8 GHz. The "fast" modulation coil of this unit which was not used in the sweeper was driven by a power amplifier for wobbling or phase locking. There was no difference in performance compared to a BWO unit.
The complete transition / = 4 -5 of 35 C1F5 at medium resolution, and averaged over 1000 sweeps is shown in Figure 1 . The first of the two frequency markers was used to trigger the computer. The frequency range within the insert is shown once more in Fig. 2 on an expanded scale for precise frequency measurement under higher resolution. The pressure was lower and the BWO was phase locked during these 1000 sweeps. The markers are 0.5 MHz apart. To measure the dipole moment the Stark electrode was biased with a high-precision dc-power supply whose output in turn was checked by means of a digital voltmeter. 
III. Results

Spectrum
As expected, the spectrum of the molecule was that of a symmetric top. For determination of the spectroscopic constants the transitions 7 = 0->-1, 7 = 1 -> 2, and 7 = 4-> 5 for the 35 C1F5 species were accurately measured.
The frequencies were fitted to the expression
where the parameters have their usual meaning, and {HeQ</)jKF is the first-order quadrupole energy of the level (J,K,F . The observed and calculated frequencies for the two isotopic species are given in Tables 1 and 2. Table 3 shows the derived spectroscopic constants compared to those obtained by Jurek et al 4 .
The theoretical JF = + 1 quadrupole-hyperfine pattern of the 7 = 4->5 rotational transition obtained with our parameters, and relative intensities including spin statistics of fourfold symmetry is shown below the experimental spectrum in Figure 1 . The lines Nr. 8 and 11 (A^ = 0) are not modulated. The line at 35 498.22 MHz marked with an interrogation sign is due to an unknown impurity.
Nuclear Quadrupole Coupling Constant
Special care was taken for the numerical evaluation of the quadrupole-coupling constant. All measured lines were subject to a least-squares fit under the following conditions: 1) Only one coupling constant for both isotopes was introduced using the known ratio of the nuclear quadrupole moments of the two chlorine nuclei <?35/<?37 = 1.2688.
2) Using these low-J transitions, it could not be expected to find an isotope effect in the centrifugal distortion constants beyond the limits of error. Therefore, for both molecules 35 C1F5 and 37 C1F-only one set of parameters Dj and Z)jK was fitted.
3) The lines were weighed according to their experimental accuracy. The resulting parameters can be found in Table 3 . Tables 1 and 2 show that the theoretical spectrum is in good agreement with the measurements.
There exists a close analogy in the nuclear quadrupole coupling constants in the two series of compounds XF and XF5 where X = CI, Br and I. Table 4 shows the coupling constants of these compounds and their ratio in each corresponding pair, where the latter is identical with the ratio of the field gradients in the directions of the respective figure axes. It is seen that all values are approximately equal ( -3.5+ 11%). Unfortunately, reliable values for the nuclear quadrupole moments are not available for CI, Br and I so that absolute field-gradient values cannot be discussed.
Dipole Moment
The rather weak absorption spectrum as well as the high Stark voltage necessary for the detection of K = 0 transitions gave some hint that a dipole mo- ment of less than one Debye should be anticipated. Field strength against voltage was calibrated with the Stark effect of OCS, and a precise molecularbeam value of the dipole moment of this molecule ii = 0.71521 D 5 . The / = 0 ->1 transition was considered convenient for detection and analysis of the Stark spectrum since its three hyperfine components are well enough seperated to avoid interference of their Stark components at moderately low fieldstrength values. However, overlap of the spectra of the two isotopic species takes place. Since the equally strong transitions AF = + 1 of 37 C1F5, and AF = -1 of 35 C1F5 fall almost together only the F = 3/2-* 5/2 and F = 3/2->3/2 transitions of 35 C1F5 were considered for the determination of the dipole moment. Also the 37 C1F5, 3/2->3/2 hyperfine line is predicted to coincide with the 3/2 ->5/2 line of the more abundant isotope. However, its intensity is weak, and in addition it can be shown that its My = 3/2 Stark component which carries 90% of the total intensity has approximately the same field sensitivity as the My = 1/2 component of the AF = + 1 transition of 35 C1F5, at moderately low field-strength values. Thus, is was chosen to concentrate on the Stark effect of the strongest line of the J = 0 -> 1 quadrupole multiplet. Under the influence of low field strengths, the line shifted to higher frequencies. At @ = 900 V/cm, splitting into its My = 3/2 and My =1/2 components was observed. The frequencyversus-field data have been compiled in Figure 3 . The frequency displacements from the zero-field position would depend linearly on (5 2 if F remained a good quantum number. It is clearly seen that decoupling occurs at higher field strengths. Fortunately, the mean values of the frequencies of both Stark components still show linear behaviour over the whole range of field strengths applied in this experiment.
In order to obtain the dipole moment from these mean values, and conveniently employ the low-field approximation we set up the matrix of the perturbation operator
in the coupled basis, (/ K I F My\. The advantage of this approach is that HrQ(l stays diagonal up to second order in 7. Using irreducible tensor techniques 6 the relevant result is
7 For the 7 = 0-* 1 transition K = 0, and all diagonal elements vanish. The 3-/' and 6-j symbols were obtained from Rotenberg et al 7 . Second-order perturbation theory yields the following expressions for the two My components which were observed experimentally (Af in MHz, (g in V/cm, F = 3/2->5/2): Af = 1.4746 xKT 5^2 ® 2 for MF=l/2, and A/ = 1.2605 x 10~5 //a 2 ® 2 for MF = 3/2.
Thus, //a was fitted to the mean values with the expression Af = 1.3676 x 10 5 //" 2 © 2 . The result is //"= (0.536 ±0.010) D for the dipole moment of C1F5 . In order to have an independent check we also measured the Stark shift of the F = 3/2->3/2, M F = 1/2 component up to 600 V/cm where decoupling effects should be negligible. The result is also shown in Figure 3 , and fitting to the corresponding secondorder expression, Af = 1.4746 X 10 -5 fi" 2 (5 2 , yields the value /t a = (0.526 ± 0.015) D.
Structure
Assuming C^ symmetry which is in agreement with the observed relative K-level population the molecule has three independent parameters: r x = n.'1-Fax, r 2 = rci _ Feq, and cp = <£ (Feq -CI -Fax) whereas only two moments of inertia are available. Thus, a complete structure determination is not possible but some conclusions may be drawn using the fact that all three parameters must stay within reasonable limits. For example, assuming the chlorine atom being in the same plane as the four equatorial F-atoms would lead to the unrealistic distances of 2.05 Ä for rt and 1.40 Ä for r 2 in a rigid-rotor calculation. There exists only a very limited range of angles which reproduce the measured moments of inertia, and lead to acceptable bond distances: The distance of the Chlorine atom to the center of mass, z<ji, is determined by
where Al is the difference of the measured moments of inertia, and M is a mass dependent factor. ZQ\ is not very sensitive to rt, almost not sensitive at all to r 2 but depends highly on cp. The partial derivatives in the interesting region (cp Ä; 90°, r t « r 2 « 1.65 A) are There are only two regions of solutions for the system: the one implies an angle of about 145°, with corresponding distances TJÄJI.SÄ and r2Äsl.2Ä, and clearly needs not to be considered as a reasonable structure. The other solution results in an angle of 86.5° with distances about 1.65 A. As soon as this angle is altered by more than 1 degree, the distances separate by more than 0.15 A which does not seem reasonable. We therefore conclude <p = (86.5 ± 1)°. The very same procedure based on the rotational constants of BrF5 2 leads us to a bond angle of (85 ± 1)° for this molecule which compares well with the electron diffraction result 8 of (84.8±0.1)°. The error introduced by the rigid-rotor approximation can presumably be neglected in these considerations.
IV. Discussion
The results of Ref. 4 and ours (see Table 3 ) agree in the values for B{) and Dj but disagree in DJK and eQq. It would seem reasonable that the high-/ millimeter spectrum of Ref. 4 should lead to more accurate rotational and distortion constants but nevertheless the discrepancy is surprising: the difference in D. //v-of 0.305 kHz would shift all of the 8 components K = 4 in the transition 7 = 4->5 of both isotopic species by 50 kHz towards lower frequencies which is clearly beyond experimental error. eQq can be expected to be determinable to a high degree of accuracy from low-7 transitions because of their wide hyperfine splittings. So we feel very confident in our value of the quadrupole coupling constant. We were not suecessfull in finding a term R 6 , postulated by Kupecek 9 which should split the K = 2 transitions by ± 4 / (/+1) (/+ 2)Äe . With the value /?ß = 51.5 Hz given in Ref. 4 we would expect a splitting of 49 kHz in the transition J = 4^-5. We achieved a full half width of 120 kHz for the hyperfine component K = 2, 11/2 -> 13/2, the same as for the neighboured component K = 1, 11/2-> 13/2. So we can at least confirm that a value of about 50 Hz must be the upper limit for R0 .
